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(57) ABSTRACT

A technique extracts an object that is characteristic although
the number of appearances is less demanded. A clustering
apparatus includes: a similarity degree calculating section
calculating a similarity degree of a combination of optional
two of objects to store the calculated similarity degree in a
similarity degree table, excluding a combination of one of the
optional two and itself; a merging object selecting section
selecting as merging objects, two objects related to the simi-
larity degree which satisfies a predetermined reference; a new
object generating section generating a new object from the
merging objects; a merging object removing section remov-
ing from the similarity degree table, a similarity degree
between each of the two objects selected as the merging
objects and each of the objects; and a new object adding
section calculating a similarity degree between the new object
and each of the plurality of objects other than the new object.

10 Claims, 8 Drawing Sheets
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CLUSTERING APPARATUS, AND
CLUSTERING METHOD

TECHNICAL FIELD

The present invention is related to a clustering apparatus,
and a clustering method for objects such as document data,
image data, and time-series data. Especially, the present
invention is related to a clustering system, and a clustering
method, in which analysis of customer’s opinions in a market,
a call center and so on, and extraction of a characteristic
object in acquisition and analysis of requests of stakeholders
are performed.

BACKGROUND ARTS

There is a case that opinions of many customers are col-
lected in a market and a call center, the opinions are clustered
into groups by aggregating similar opinions, and the group
contents are analyzed every group. Also, in the acquisition of
requests in a megaproject, similar requests are collected and
clustered, and needs are extracted for every group. For
example, the clustering can be carried out by calculating a
similarity degree between every two documents based on an
appearance frequency of each of words contained in the docu-
ments after morpheme analysis. For example, in Patent Lit-
erature 1, a method is described of expressing the document
in the form of a vector by using the word appearance fre-
quency and of calculating a similarity degree between the
documents with a cosine similarity degree. Various methods
of clustering are described in Non-Patent Literature 1.

Also, in Patent Literature 2, an apparatus is described in
which the importance of customer needs is calculated by
using a set key word and an evaluation value, when the cus-
tomer opinions in a market and a call center should be ana-
lyzed. In Patent Literature 3, an apparatus is described in
which a sentence/tag determination table is referred to extract
a classification object sentence based on a key word, a termi-
nology pattern description table is referred to extract a termi-
nology, the expression difference of a word extracted through
the morpheme analysis is eliminated, a classification pattern
description table is referred to generate a classification pat-
tern, and a classifying process is carried out based on the
classification pattern.

Moreover, as a technique not using the morpheme analysis,
a calculation method of a similarity degree between the
objects based on Kolmogorov complexity is described in
Non-Patent Literature 2. The similarity degree between the
objects such as document data, image data, and time-series
data can be calculated.

CITATION LIST

[Patent Literature 1]: JP 2008-234482A

[Patent Literature 2]: JP 2007-226568 A

[Patent Literature 3]: JP 2001-229177A

[Non-Patent Literature 1]: “Clustering Technique in Data
Mining Field (1)” (Artificial Intelligence Society Maga-
zine 2003, Vol. 18, No. 1, pp. 59-65) by Toshihiro
Kamishima

[Non-Patent Literature 2]: “The Similarity Metric” (IEEE
Transactions on Information Theory 2004, Vol. 50, No. 12,
pp- 3250-3264) by Ming

SUMMARY OF THE INVENTION

However, in the similarity degree calculating method used
in Patent Literature 1, as the number of words increases, a
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significant solution cannot be obtained as described in Non-
Patent Literature 1. Therefore, words which are considered to
be unnecessary are previously excluded to decrease the num-
ber of words. However, words to be previously excluded, such
as general words which are contained in most of the docu-
ments and the words which appear only in a few documents,
tend to be mechanically excluded even if the words are impor-
tant. Therefore, a similarity degree between objects which are
characteristic but appear only in the few documents cannot be
known. It is difficult to carry out the clustering to extract the
characteristic objects when the number of times of appear-
ance is less. Also, a composite word which contains a general
word partially is mechanically excluded, and the clustering is
carried out without using the composite word containing the
general word, even if the composite word is important.

In Patent Literature 2, in order to carry out the clustering
when the composite word containing the general word par-
tially is important and where a word is characteristic,
although the number of times of appearance of the word is
less, a set key word and an importance are used. In this case,
a user of a system must determine the key word previously.
However, in addition to a load of the user of the system, it is
not possible to carry out analysis by using the key word out of
the assumption by the user of the system. Therefore, unless
the user assumes previously, the object which is characteristic
although the number of times of appearance is less cannot be
extracted.

Also, in Patent Literature 3, in order to analyze by using a
characteristic word, a key word and a tag corresponding to it
are stored in a sentence/tag determination table, and a string,
a concept, and a subconcept which are contained in each layer
are used in a classification pattern description table. However,
the key word in the sentence/tag determination table and the
string, the concept, and the subconcept in the classification
pattern description table must be previously determined by
the user of the system, like Patent Literature 2. Therefore,
analysis cannot be carried out by using a character string and
a concept out of the assumption of the user of the system.
Thus, unless the user assumes previously, an object which is
characteristic although the number of times of appearance is
less cannot be extracted. A technique which can extract an
object which is characteristic although the number of times of
appearance is less is demanded.

In Non-Patent Literature 2, in order to calculate not a
distance but a similarity degree, a clustering method which
can be theoretically applied is limited. For example, the single
linkage method can be theoretically applied, but the cluster-
ing result becomes an arbitrary stair stepping structure due to
the chaining effect, as described in Non-Patent Literature 1.
Therefore, there is a problem that it is not possible to carry out
the appropriate clustering. Also, the similarity degree calcu-
lated in Non-Patent Literature 2 undergoes influence due to
the difference of expression due to mixture of different Japa-
nese sentence expressions as well as regular transformation
and synonym as described to Patent Literature 3. For this
reason, there is a problem that it is not possible to cluster
appropriately.

A clustering apparatus of the present invention includes: a
similarity degree calculating section configured to calculate a
similarity degree of a combination of optional two of objects
to store the calculated similarity degree in a similarity degree
table, excluding a combination of one of the optional two and
itself; a merging object selecting section configured to select
as merging objects, two objects related to the similarity
degree which satisfies a predetermined reference; a new
object generating section configured to generate a new object
from the merging objects; a merging object removing section
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configured to remove from the similarity degree table, a simi-
larity degree between each of the two objects selected as the
merging objects and each of the objects; and a new object
adding section configured to calculate a similarity degree
between the new object and each of the plurality of objects
other than the new object.

A clustering method of the present invention is achieved by
calculating a similarity degree of a combination of optional
two of objects to store the calculated similarity degree in a
similarity degree table, excluding a combination of the
optional object and itself; by selecting as merging objects,
two objects related to the similarity degree which satisfies a
predetermined reference; by generating a new object from the
merging objects; by removing from the similarity degree
table, a similarity degree between each of the two objects
selected as the merging objects and each of the objects; and by
calculating a similarity degree between the new object and
each of the objects other than the new object.

A clustering program of the present invention for making a
computer to attain: a similarity degree calculating function to
calculate a similarity degree of a combination of optional two
of objects to store the calculated similarity degree in a simi-
larity degree table, excluding a combination of the optional
object and itself; a merging object selecting function to select
as merging objects, two objects related to the similarity
degree which satisfies a predetermined reference; a new
object generating function to generate a new object from the
merging objects; a merging object removing function to
remove from the similarity degree table, a similarity degree
between each of the two objects selected as the merging
objects and each of the objects; and a new object adding
function to calculate a similarity degree between the new
object and each of the objects other than the new object.

According to the present invention, the clustering system,
the clustering method and the clustering program for objects
such as document data, image data, and time-series data are
provided. Especially, in case of analysis of the customer
opinions in the market and the call center, and acquirement
and analysis of requests of stakeholders, the clustering sys-
tem, the clustering method and the clustering program are
provided in that the object which is characteristic although the
number of times of appearance is less can be extracted.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, advantages and features of the
present invention will be more apparent from the following
description of certain embodiments taken in conjunction with
the accompanying drawings, in which:

FIG. 1 is a block diagram showing a configuration of a
clustering system according to a first exemplary embodiment
of the present invention;

FIG. 2 is a diagram showing an example of an object stored
in an object storage section 11;

FIG. 3 is a diagram showing an example of a similarity
degree table stored in a similarity degree storage section 12;

FIG. 4 is a diagram showing an example of the object
storage section 11 when the object 1 and the object 2 are
selected as merging objects;

FIG. 5 is a diagram showing an example of the similarity
degree storage section 12 when the object 1 and the object 2
are selected as the merging objects and the related similarity
degrees are removed;

FIG. 6 is a diagram showing an example of the object
storage section 11 when a new object obtained by coupling
the object 1 and the object 2 is stored therein as the object 1;
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FIG. 7 is a diagram showing an example of the similarity
degree storage section 12 when the new object obtained by
coupling the object 1 and the object 2 is stored therein as the
object 1;

FIG. 8is aflow chart showing an operation of the clustering
system according to first exemplary embodiment of the
present invention;

FIG. 9 is a block diagram showing the configuration of the
clustering system according to a second exemplary embodi-
ment of the present invention;

FIG. 10 is a diagram showing an example of a preprocess-
ing rule;

FIG. 11 is a diagram showing an example of the object
storage section 11 when the preprocessing rule is applied; and

FIG. 12 is a flow chart showing an operation of the prepro-
cessing section of the clustering system according to the
second exemplary embodiment of the present invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, exemplary embodiments of the present inven-
tion will be described with reference to the attached drawings.

First Exemplary Embodiment

FIG. 1 is a block diagram showing a configuration of a
clustering system according to a first exemplary embodiment
of the present invention. The clustering system 100 of the
present exemplary embodiment is provided with a storage
section 1 and a computing section 2. The storage section 1 is
provided with an object storage section 11 and a similarity
degree storage section 12. The computing section 2 is pro-
vided with a similarity degree calculating section 21, a con-
trol section 22, a merging object selecting section 23, a new
object generating section 24, a merging object removing sec-
tion 25, and a new object adding section 26. It is possible to
realize the clustering system by use of a computing apparatus
such as a personal computer. The storage section 1 is realized
by a storage unit such as a hard disk unit. The computing
section 2 is a functional block realized by a CPU reading a
program which has been stored in the storage section and
executing an operation in accordance with a procedure
described in the program.

A plurality of objects to be clustered are previously stored
in the object storage section 11 of the storage section 1. The
plurality of objects are such as document data, image data,
and time-series data. These objects are rewritten as the clus-
tering system operates. An example of the object stored in the
object storage section 11 when the object is a document is
shown in FIG. 2. As shown in FIG. 2, an ID showing an
identifier for identifying an object and the contents of the
object are stored in the object storage section 11. It should be
noted that the object having the ID of i is referred to as an
object i, hereinafter.

The similarity degree storage section 12 stores a similarity
degree table. A similarity degree between optional two of the
plurality of objects stored in the object storage section 11 is
stored in the similarity degree table. An example of the simi-
larity degree table is shown in FIG. 3. As shown in the FIG. 3,
the similarity degree between the two objects is stored as a
numerical value in the similarity degree table. Here, the simi-
larity degree between the objecti and the object i is not stored.
Also, when the similarity degree of the object i to an object j
in case of i can be regarded as being same as the similarity
degree of the object j to the object i, the similarity degree of
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the object j to the object i is not stored, if the similarity degree
of the object i to the object j is stored.

The similarity degree calculating section 21 of the com-
puting section 2 calculates a similarity degree between two of
the plurality of objects stored in the object storage section 11
and stores the calculation result in the similarity degree stor-
age section 12. The calculating method of the similarity
degree is specified by a user of the system through an input
unit such as a keyboard, or is specified based on another
manner. Here, its own similarity degree as the similarity
degree between the object 1 and the object i is not calculated.
Also, when the similarity degree of the object i to the object j
in case of i#] can be regarded as being the same as the
similarity degree of the object j to the object i, the similarity
degree of the object j to the object iis not calculated for saving
wasteful calculation, although the similarity degree of the
object i to the object j is calculated. The similarity degree
calculating section 21 calculates the similarity degrees
between all combinations of every two of the objects except
the above combinations.

The control section 22 checks whether or not an ending
condition is met, and the operation is ended if being met, and
the operation continues if not being met. Here, the ending
condition is specified by the user of the system through the
input unit such as a keyboard or it is specified by another
manner.

The merging object selecting section 23 selects two objects
from the objects stored in the object storage section 11 as
merging objects based on the similarity degrees stored in the
similarity degree storage section 12. For example, the merg-
ing object selecting section 23 selects documents having the
largest similarity degree stored in the similarity degree stor-
age section 12 as the merging objects. The new object gener-
ating section 24 generates a new object based on the two
selected merging objects. For example, by concatenating or
coupling the two merging objects, a new object is generated.

The merging object removing section 25 removes the simi-
larity degree between the two objects selected as the merging
objects from the object storage section 11. Moreover, the
merging object removing section 25 removes the similarity
degrees between each of the two objects selected as the merg-
ing objects and objects except it from the similarity degree
table in the similarity degree storage section 12. Here, in FI1G.
2,in a case where the objects of an object 1 and an object 2 are
selected as the two merging objects, the object data stored in
the object storage section 11 is shown in FIG. 4, and the
similarity degree table stored in the similarity degree storage
section 12 is shown in FIG. 5. As shown in FIGS. 4 and 5, the
object 1 and the object 2 are removed from the object storage
section 11 and the similarity degrees between the object 1 and
other objects except the object 1 and the similarity degrees
between the object 2 and other objects except the object 2 are
removed from the similarity degree storage section 12.

The new object adding section 26 calculates a similarity
degree between each of the plurality of objects stored in the
object storage section 11 and the new object, and stores the
calculated similarity degrees in the similarity degree storage
section 12 and the new object in the object storage section 11.
An example of the object stored in the object storage section
11 is shown in FIG. 6, and an example of the similarity degree
table stored in the similarity degree storage section 12 is
shown in FIG. 7. In FIG. 6, the new object obtained by
connecting the two objects is stored in the object storage
section 11 as the object 1. Also, a similarity degree of the new
object 1 to object 3, a similarity degree of the new object
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1...,asimilarity degree of the new object 1 to object N are
calculated and stored in the similarity degree storage section
12, as shown in FIG. 7.

Next, an operation of the clustering system will be
described. FIG. 8 is a flow chart showing an example of a
process of the clustering system of the present exemplary
embodiment. For example, a plurality of objects are stored in
the object storage section 11 and when a method of calcula-
tion of a similarity degree and an ending condition are speci-
fied by the user of the system through the input unit such as the
keyboard or are specified by the other manner, the clustering
system operates as follows. Here, the N objects are supposed
to be stored in the object storage section 11.

First, the similarity degree calculating section 21 calculates
a similarity degree of each of pairs of objects stored in the
object storage section 11 and stores the calculation result in
the similarity degree storage section 12 (step Al in FIG. 8).
Here, a similarity degree of itself as a similarity degree
between the object i and the object i is not stored. Also, when
the similarity degree of the objectito the object j in case of i]
can be regarded as being the same as the similarity degree of
the object j to the object i, the similarity degree of the object
j to the object i is not calculated and stored in order to avoid a
wasteful calculation. A similarity degree of each of the other
pairs of the objects is calculated and stored. A method of
calculating of a similarity degree is specified by the user of the
system through the input unit such as the keyboard or is
specified by the other manner.

An example of the method of calculating a similarity
degree is shown. For example, it is supposed that a calculation
method through compression is specified and an algorithm
which compresses an object is specified. The size when the
object 1 is compressed is C(i), the size when the object j is
compressed is C(j), and the size when a new object obtained
by coupling the objects i and j is compressed is C(ij). A
similarity degree d(i, j) between the object i and the object j
can be calculated by the following equations (1) and (2).
These can be regarded as being possible to assume that these
are approximation methods of Kolmogorov complexity.

CGp
CH+C()

1
ali, p= @

_ Climin(C@. ()

d @
= Tax(c®, COy

For example, the specified compression algorithm is such as
gip and zgip in case of the document and is an algorithm of
conversion to png in case of the image.

Next, the control section 22 checks whether or not the
ending condition is met, and ends the operation if being met
and advances to step A3 if not being met (Step A2). Here, the
ending condition is specified by the user of the system
through the input unit such as the keyboard or is specified by
the other manner. As the ending condition, for example, the
following conditions can be adopted:

(A) The number of objects stored in the object storage
section 11 is equal to or less than a preset value L, and

(B) The maximum of the similarity degrees stored in the
similarity degree storage section 12 is equal to or less than a
preset value 6.

The merging object selecting section 23 selects the two
objects from the objects stored in the object storage section
11, based on the similarity degrees stored in the similarity
degree storage section 12 as the merging objects (Step A3).
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Here, a selection method is, for example, to select two docu-
ments having the greatest similarity degree stored in the simi-
larity degree storage section 12.

The new object generating section 24 combines or couples
two merging objects to generate a new object (Step A4). The
merging object removing section 25 removes the two selected
merging objects from the object storage section (Step AS).
Also, the merging object removing section 25 removes the
similarity degree between each of the two selected merging
objects and each of the other objects from the similarity
degree storage section 12 (Step A6). The new object adding
section 26 calculates the similarity degree between the new
object and each of the objects stored in the object storage
section 11, and adds and stores the calculated similarity
degree in the similarity degree storage section 12 (Step A7).
Also, the new object adding section 26 stores the new object
in the object storage section 11 (Step A8).

When the operation ends, the object stored in the object
storage section 11 may be outputted to the output unit such as
adisplay. Also, a storage section other than the object storage
section 11 may be provided to store the ID of the origin object
and the contents or a set of the ID of the original object and the
1D of the new object such that a relation of the new object and
the original object is displayed as a dendrogram. Also, for the
description, the object ID and the contents of the object are
stored in the object storage section 11 in this example, but (the
contents of) the object may be stored with a file name of the
object ID.

Next, the effect of the first exemplary embodiment will be
described. In the first exemplary embodiment, because the
clustering is carried out to extract an object which is charac-
teristic although the number of times of appearance of the
object is less, the similarity degree is calculated by the
method of approximating the Kolmogorov complexity. For
example, it is supposed that two merging objects are the
object and the object j, the object i consists of a part A and a
part B, and that the object j consists of the part A and a part C.
If the objects are clustered by using the single linkage
method, the single linkage method neither generate a new
object and nor remove an origin object. As shown in the
following equation (3), the objects having the highest simi-
larity degree and contained in the clusters P and Q are
selected, and the similarity degree between the selected
objects is set as an inter-cluster similarity degree.

(P, Q) = _rgf;zd(i, b ©)

i

Therefore, when there is an object with a part B' having the
extremely high similarity degree to the part B, a high simi-
larity degree between the object and the cluster is calculated.
Therefore, as described in Non-Patent Literature 2, as the
number of objects contained in the cluster increases, the
candidacies possible to be selected as the objects with the
highest similarity degree increase and the objects contained
in the cluster are easily selected to merge. As a result, the stair
stepping structure, in which there are mainly merged objects
in the cluster and some objects except it, is arbitrarily gener-
ated and appropriate clustering cannot be performed.

On the other hand, in the first exemplary embodiment of the
present invention, after two merging objects are coupled or
concatenated to generate a new object, a similarity degree
between the new object and each of the other objects is
calculated to select the next merging objects. Therefore, as
the objects contained in the cluster increase, the objects with
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the highest similarity degree are easy to be selected. For
example, an object having a part A' with a relatively higher
similarity degree to the object having the part A contained in
the cluster is easier to be selected than the object having a part
B' with a very high similarity degree to the object having the
part B.

In this way, in the first exemplary embodiment, it is pos-
sible to appropriately carry out the clustering such that an
object which is characteristic although the number of times of
appearance is less can be extracted. Also, in the first exem-
plary embodiment, because the data of the whole of objects
are used through compression, when the object is a document,
the similarity degree can be calculated without excluding
general words and special words even if the number of words
is large. Therefore, it is possible to carry out the clustering
even if composite words as general words and special words
are present.

Second Exemplary Embodiment

FIG. 9 is a block diagram showing the configuration of the
clustering system according to a second exemplary embodi-
ment of the present invention. The clustering system 200 in
the present exemplary embodiment is provided with a storage
section 3 and a computing section 4. The storage section 3 is
provided with a preprocessing rule storage section 30, in
addition to the object storage section 11 and the similarity
degree storage section 12. The computing section 4 is pro-
vided with a preprocessing section 40, in addition to the
similarity degree calculating section 21, the control section
22, the merging object selecting section 23, the new object
generating section 24, the merging object removing section
25, and the new object adding section 26. The object storage
section 11, the similarity degree storage section 12, the simi-
larity degree calculating section 21, the control section 22, the
merging object selecting section 23, the new object generat-
ing section 24, the merging object removing section 25, and
the new object adding section 26 are the same as those in the
first exemplary embodiment.

The preprocessing rule storage section 30 stores a prepro-
cessing rule for unifying a representation format of the object.
The preprocessing rule may be previously stored in the sys-
tem and may be specified by the user of the system through
the input unit such as the keyboard or may be specified by the
other manner. An example of the preprocessing rule when the
object is a document is shown in FIG. 10. As shown in the
FIG. 10, the kanji expression format is unified into the
hiragana expression format as in “FTHASHEV” to “
bhsEL”  (“WAKARANAI” in Kanji form to
“WAKARANA” in Japanese Hirakana form (different
expression in same phonetic expression and same meaning)),
and “&L 7 to “& L7 (“NAI” in KANII form to “NAI” in
Japanese Hirakana form). Also, various expressions having
same meaning are unified to a same form as in “personal
computer—perso-com”, “PC—sperso-com”. Also, unifica-
tion between Japanese polite form and plain form is carried
out as in “DEKIMASU” to “DEKIRU” and “DESITA” to
“DATTA”.

The preprocessing section 40 converts the objects stored in
the object storage section 11 based on the preprocessing rule
stored in the preprocessing rule storage section 30 and over-
writes the conversion result in the object storage section 11.
An example when the object of FIG. 2 is converted and stored
in the storage section 11 is shown in FIG. 11. In FIG. 11, the
conversion is carriedoutas in “@H# S B W’ to“bhr sV
and “EWV 7 to “BE LV,
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It should be noted that although the case that the object is
document data has been shown as an example, the prepro-
cessing rule can be specified similarly, even if the object is
image data and time-series data. For example, the preprocess-
ing rule when the object is the image data is such as conver-
sion of image resolution into 100 ppi (pixels per inch). For
example, the preprocessing rule when the object is the time-
series data is such as conversion of the format of a numerical
value to be displayed into a same format.

Next, the operation will be described. FIG. 12 is a flow
chart showing an example of the preprocessing section 40 in
the clustering system of the present exemplary embodiment.
For example, if the preprocessing rule is previously stored in
the system, it is specified by the user of the system through the
input unit such as the keyboard, or it is specified by another
manner, the preprocessing section 40 of the clustering system
operates as described below. It should be noted that when a
word which is peculiar to a concerned region and so on are
previously known, it may be inputted as the preprocessing
rule by the user of the system through an input unit such as a
keyboard.

First, a variable i showing an identification no. of one of the
objects stored in the object storage section 11 is initialized to
1 (Step B1 of FIG. 12). Then, the contents of the object i as the
i object of the objects stored in the object storage section 11
are read (Step B2). The preprocessing rule is applied to the
object i and converted (Step B3). The converted object 1 is
overwritten as the contents of the i”” object in the object
storage section 11 (Step B4). The variable i is incremented
(Step B5). The variable i is compared with the number N of
the objects (Step B6), and the control flow returns to Step B3
if i is equal to or less than N, and the operation of the prepro-
cessing section 40 is ended if exceeds N.

Next, the effect of the second exemplary embodiment will
be described. In the second exemplary embodiment, by uni-
fying the expression format of the object through the prepro-
cessing, the object whose expression format has not been
unified can be clustered appropriately.

Next, an example is shown when the clustering system
according to the first and second exemplary embodiments is
applied to acquisition of requests from the interview result. In
this interview, while showing a new office environment to
each of examinees, an interviewer questioned how he would
feel the office environment to the examinee, and a recording
secretary (continuity person) recorded it. 101 documents of
about 9,000 words in total are acquired. The interviewer
questioned three previously determined themes but without
persisting in the themes too much to extract the request
widely so as to make the examinee relax. Also, the recording
secretary recorded ambiguous and un-formal conversation
used by interviewer and the examinee just as it is. Supposing
that a theme to be verified is unknown, after the preprocessing
rule shown in FIG. 10 is applied to unify the expression
formats of generally used terminologies, 101 documents in
total are clustered into five new objects through the process
described in the first exemplary embodiment, and the words
which are contained more in each of the five new objects are
extracted. As a result, all of three key words which represent
the three themes could be extracted.

Next, for comparison, after the preprocessing described in
the second exemplary embodiment is performed, the cluster-
ing was carried out in accordance with the Ward’s method by
using the same similarity degree as described in the first
exemplary embodiment. The Ward’s method is described in
Non-Patent Literature 1, and is a technique in which the
similarity degree is assumed to be a Euclid distance. An
appropriate clustering result can be generally obtained often
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by this method. On the other hand, the similarity degree
described in the first exemplary embodiment is not Euclid
distance. When it is tested whether or not the clustering can be
carried out by applying the Ward’s method to the above-
described interview result, only one of the key words showing
three themes could be extracted.
The present invention is applied to the clustering system, in
which the object which is characteristic although the number
of times of appearance of the object is less is extracted, in the
analysis of the customer opinions in the market the call center
and so on, and the acquisition and analysis of requests of
stakeholders. Also, the present invention can be applied to the
clustering system in which the expression format is not uni-
fied in analysis of the customer opinions in the market, the call
center and so on and the acquisition and analysis of the
requests of stakeholders.
As such, the present invention has been described by use of
the exemplary embodiments. It would be apparent to a person
in the art that these embodiments are merely given to explain
the present invention, and they should not be referred to limit
the scope of the present invention.
The present invention claims a priority on convention
based on Japanese Patent Application No. 2009-095618 filed
on Apr. 10, 2009. The disclosure thereof is incorporated
herein by reference.
The invention claimed is:
1. A clustering apparatus comprising:
a processor;
a computer memory;
a similarity degree calculating section configured to calcu-
late a similarity degree of a combination of optional two
of a plurality of objects to store the calculated similarity
degree in a similarity degree table in the computer
memory, wherein
the combination excluding combining of one of the
optional two objects and itself, and

the similarity degree being calculated based on an
approximate calculation method of Kolmogorov
complexity;
a merging object selecting section configured to select as
merging objects two related objects having a particular
similarity degree which satisfies a predetermined refer-
ence;
a new object generating section configured to generate a
new object from the merging objects by concatenating
the two related objects selected as the merging objects,
wherein the new object fully incorporates each of the
two related objects;
a merging object removing section configured to remove
from the similarity degree table, the particular similarity
degree between each of the two related objects selected
as the merging objects and each of the plurality of
objects; and
a new object adding section configured to calculate a new
similarity degree between the new object and each ofthe
remaining of the plurality of objects other than the new
object, wherein
the selecting, the generating, the removing are repeated
with respect to the new object based at least on the
calculated new similarity degree satisfies the prede-
termined preference,

the processor causes at least one of the similarity degree
calculating section, the merging object selecting sec-
tion, the new object generating section, the merging
object removing section, and the new object adding
section to perform the respective calculating, select-
ing, generating, removing, and calculating, and

each of the plurality of objects is document data.
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2. The clustering apparatus according to claim 1, wherein
the merging object selecting section selects the two related
objects for a highest similarity degree stored in the similarity
degree table as the merging objects.

3. The clustering apparatus according to claim 1, wherein
the approximate calculation method is carried out based on a
size of compression data obtained by compressing each of the
two related objects by a predetermined compression method
and a size of compression data obtained by compressing a
coupled object obtained by coupling the two related objects
by the predetermined compression method.

4. The clustering apparatus according to claim 3, wherein
the merging object selecting section selects the two related
objects for a highest similarity degree stored in the similarity
degree table as the merging objects.

5. A clustering method comprising:

calculating a similarity degree of a combination of optional

two of a plurality of objects to store the calculated simi-

larity degree in a similarity degree table in a storage unit,

wherein

the combination excluding combining of one of the two
optional objects and itself, and

the similarity degree being calculated based on an
approximate calculation method of Kolmogorov
complexity;

selecting as merging objects, two related objects having a

particular similarity degree which satisfies a predeter-
mined reference;

generating a new object from the merging objects by con-

catenating the two related objects selected as the merg-
ing objects, wherein the new object fully incorporates
each of the two related objects;

removing from the similarity degree table, the particular

similarity degree between each of the two related objects
selected as the merging objects and each of the plurality
of objects; and

calculating a new similarity degree between the new object

and each of the remaining of the plurality of objects
other than the new object;

repeating the selecting, the generating, the removing with

respect to the new object based at least on the calculated
new similarity degree satisfies the predetermined pref-
erence,

wherein each of the plurality of objects is document data.

6. The clustering method according to claim 5, wherein the
two objects for a higher similarity degree stored in the simi-
larity degree table are selected as the merging objects.

7. The clustering method according to claim 5, wherein the
approximate calculation method is carried out based on a size
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of compression data obtained by compressing each of the two
related objects by a predetermined compression method and
a size of compression data obtained by compressing a
coupled object obtained by coupling the two related objects
by the predetermined compression method.

8. A computer-readable non-transitory storage medium
which stores a computer-executable program code for achiev-
ing a clustering method which comprises:

calculating a similarity degree of'a combination of optional

two of a plurality of objects to store the calculated simi-

larity degree in a similarity degree table in a storage unit,

wherein

the combination excluding combining of one of the two
optional objects and itself, and

the similarity degree being calculated based on an
approximate calculation method of Kolmogorov
complexity;

selecting as merging objects, two related objects having a

particular similarity degree which satisfies a predeter-
mined reference;

generating a new object from the merging objects by con-

catenating the two related objects selected as the merg-
ing objects, wherein the new object fully incorporates
each of the two related objects;

removing from the similarity degree table, the particular

similarity degree between each of the two related objects
selected as the merging objects and each of the plurality
of objects; and

calculating a new similarity degree between the new object

and each of the remaining of the plurality of objects
other than the new object;

repeating the selecting, the generating, the removing with

respect to the new object based at least on the calculated
new similarity degree satisfies the predetermined pref-
erence,

wherein each of the plurality of objects is document data.

9. The computer-readable non-transitory storage medium
according to claim 8, wherein the selecting comprises:

selecting as the merging objects, the two related objects for

a higher similarity degree stored in the similarity degree
table.

10. The computer-readable non-transitory storage medium
according to claim 8, wherein the approximate calculation
method is carried out based on a size of compression data
obtained by compressing each of the two related objects by a
predetermined compression method and a size of compres-
sion data obtained by compressing a coupled object obtained
by coupling the two related objects by the predetermined
compression method.
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